for the Veterans Affairs Keratinocyte Carcinoma Chemoprevention (VAKCC) Trial Group IMPORTANCE Topical fluorouracil was demonstrated to be effective in reducing the number of actinic keratoses (AKs) for up to 6 months, but no randomized trials studied its long-term efficacy.
increase with time. 6, 7 Actinic keratoses are commonly treated by spot treatment such as liquid nitrogen or electrosurgery, but field treatment with topical medications (eg, fluorouracil, imiquimod, diclofenac, and ingenol mebutate) is used for multiple lesions in an area and/or evidence of the background photodamaged skin. 6, 8, 9 Topical fluorouracil has been demonstrated to be effective in reducing the number of AKs and increasing the complete AK clearance rates compared with placebo. However, these randomized trials followed up the study participants no longer than 6 months after a course of topical fluorouracil application. [10] [11] [12] [13] We studied the longterm efficacy of a single course of topical fluorouracil cream, 5%, in reducing the number of AKs and the need for spot treatment of AKs.
Methods

Study Population
Participants were recruited from 12 Veterans Affairs (VA) medical centers. All were at high-risk for KC, defined as at least 2 KCs in the 5 years prior to enrollment, at least 1 of which was on the face or ears. The KCs did not count toward the inclusion criteria if they occurred in the area of previous radiation therapy or on genital or perianal skin. Inclusion criteria included the following: (1) ability to comply with protocol requirements and to provide consent and (2) no skin cancer on full-body skin examination at randomization. Presence of an AK on the face or ears was not required for inclusion. Exclusion criteria were (1) current or prior field therapy for AKs on the face or ears in the past 3 years; (2) current or prior use of systemic fluorouracil or oral capecitabine within the past 3 years; (3) known allergy to sunscreen, triamcinolone, or fluorouracil; (4) solid organ transplant; (5) genetic disorders associated with high skin cancer risk (eg, basal cell nevus syndrome, erythrodysplasia verruciformis, xeroderma pigmentosum); (6) arsenic exposure; (7) psoralen plus UV-A treatment; (8) cutaneous T-cell lymphoma; (9) current or prior radiation therapy to the face or ears; (10) those with very high mortality risk at randomization (estimated <50% chance of surviving in 4 years); (11) women of childbearing potential not willing to use birth control; (12) dihydropyrimidine dehydrogenase enzyme deficiency; and (13) concurrent treatment with methotrexate.
This study was conducted in accordance with the Declaration of Helsinki Principles, and all participants gave written informed consent. The study was approved by the VA Central Institutional Review Board. The trial protocol is reproduced in Supplement 1.
Study Design and Treatment
The VA Keratinocyte Carcinoma Chemoprevention (VAKCC) trial (Cooperative Studies Program [CSP] 562) was a randomized, double-blind, parallel group, 2-arm trial comparing the efficacy of topical fluorouracil cream, 5%, vs vehicle control cream in a high-risk population for reducing KC risk. This article reports results of a secondary outcome of the CSP 562: long-term efficacy of a single course of fluorouracil in treating AKs.
Enrollment occurred from June 2009 through September 2011, and the follow-up was concluded in June 2013. Using a permuted block randomization stratified by study site, an electronic data system assigned participants in a 1:1 ratio to receive topical fluorouracil cream, 5%, or vehicle control cream. Figure 1 shows the randomization, stratification, and follow-up of study participants. The vehicle control cream was a vanishing cream base consisting of the same inactive ingredients as the fluorouracil cream: white petrolatum, stearyl alcohol, propylene glycol, polysorbate 60, and parabens. Participants and study dermatologists responsible for counting AKs at follow-up study visits were blinded to the study cream assignment. Separate unblinded dermatologists and study nurses monitored adverse effects of the study medication during the active treatment period.
The participants were instructed to apply the study cream twice daily on the face and ears for a total of 56 doses (a 4-week course of treatment). They had telephone interviews or follow-up visits in alternating weeks to monitor for adverse effects during the active treatment period. The adverse effects monitored included erythema, pruritus, burning, soreness and/or tenderness, crusting and/or erosions, scaling and/or flaking, and swelling.
14 Severity of the symptoms was graded weekly at telephone interviews and follow-up visits. If a participant could not tolerate the twice daily dosing because of adverse effects, the study medication was discontinued and triamcinolone cream, 0.1%, was applied twice daily for 5 days. If and only if the participant did not apply at least 28 doses, then the participant resumed the study medication once daily at 3 weeks after stopping the study medication to complete 56 doses. If the participant could not tolerate the study medication again, the study medication was discontinued and was not resumed. Additional field treatment on the face or ears with any topical medication or photodynamic therapy was not permitted during the follow-up period, but spot treatment (treatment of an individual AK without treating the surrounding area) was allowed at clinical discretion. All participants received education about skin cancer, sun protection, and the use of sunscreen. Sunscreen (sun protection factor 30) was provided to all participants for the duration of the study. Participants were shown photographs of moderate to severe reactions to topical fluorouracil and counseled to contact the study nurse if they develop similar reactions.
Study Variables
Participants visited the blinded study dermatologist every 6 months for skin examination and AK counting after randomization. The dermatologist performed full-body skin examination including counting all AKs in predefined anatomical regions on the face and ears. They also recorded the number of hypertrophic and nonhypertrophic AKs. Once AKs on the face and ears were counted, individual lesions could be treated according to the study dermatologists' clinical judgment. The number of AK treated at the study visit was recorded. If a participant had a treatment for an AK in between study visits, the number of the treatments, the area treated, and the method of spot treatment were documented from the medical record. Study dermatologists participated in annual meetings that included training and consensus development in AK counting. 15 
Statistical Analysis
The study sample size was powered to the primary outcome of KC development treated surgically. The baseline characteristics of the fluorouracil and the control groups were compared by a 2-tailed t test or χ 2 test. We carried out a crosssectional time-series regression with a generalized least squares estimator and first-order autoregressive covariance model to account for random effects and correlations within the repeated measures to compare the fluorouracil and the control groups for the overall study duration. The parameters compared in this model were the number of total AKs; the number of hypertrophic AKs; the percentage of participants without AKs; and the number of spot AK treatments at every 6-month interval, at the time of 6-month study visits, and in between study visits. Linear contrasts compared the number of AKs and AK treatments in the 2 groups at 6 months. We used the Kaplan-Meier method to compare the time to the first AK treatment in the fluorouracil group with the time in the control group. Statistical analyses were conducted with STATA SE version 8 (StataCorp).
Results
Of 932 participants, 468 were randomized to topical fluorouracil cream, 5%, and 464 to vehicle control cream ( Figure 1 ). Owing to the nature of the recruitment process, an exact number of the screened individuals could not be identified. The recruitment was done in several steps (ie, identifying patients scheduled for dermatology clinic visit, reviewing these patients' medical records for possible eligibility, obtaining informed consent, performing full-body skin examination for keratinocyte carcinomas, obtaining comprehensive medical records in the prior 5 years).
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The mean follow-up durations were 2.62 and 2.61 years in the fluorouracil and the control groups, respectively. There was no significant difference in the baseline characteristics between the 2 groups, including the history of AK treatment and history of topical fluorouracil application on the face and/or ears ( Table 1) .
Skin Examination at Enrollment
The mean total AK count on the face and ears at enrollment was 11.1 in the fluorouracil group and 10.7 in the control group ( Figure 2A and Table 2 ). The number of hypertrophic AKs was 0.7 per person (6% of all AKs) in the fluorouracil group and 0.8 per person (7% of all AKs) in the control group ( Figure 2B and Table 2 ). Fifteen percent of the participants in the fluorouracil group and 12% in the control group had no AKs on the face and ears ( Figure 2C and Table 2 ). At the time of enrollment, the fluorouracil and control groups were not different in the numbers of total and hypertrophic AKs and the proportion of the participants without AKs on the face and ears (P > .10 for all 3 comparisons).
AK Counts
The number of AKs on the face or ears in the fluorouracil group was reduced to 3.0 per participant (73% reduction) by 6 months after randomization (P < .001 in paired t test comparing the AK number at baseline with the number at 6 months in the fluorouracil group). The number of AKs in the control group was reduced to 8.1 per participant (24% reduction) for the same time interval (P < .001 in paired t test) ( Figure 2A and Table 2 ). The fluorouracil group had fewer AKs on the face or ears compared with the control group at 6 months (P < .001 in linear contrast). The fluorouracil group also had fewer AKs compared with the control group over the 42-month period, when the AK numbers from baseline to 42 months were modeled by a generalized estimation model that accounted for random effects and correlations within repeated measures (P < .001) (Figure 2A ). In the same model, the number of hypertrophic AKs on the face or ears was not significantly different between the 2 groups in the entire follow-up period of 42 months (P = .60), but there were fewer hypertrophic AKs in the fluorouracil group than the control group at 6 months (P = .05) ( Figure 2B , Table 2 ). The number of nonhypertrophic AKs in the fluorouracil and the control groups followed the similar pattern as those of the total AKs; significantly fewer nonhypertrophic AKs on the face or The proportion of the participants with no AKs on the face or ears in the fluorouracil group increased from 15% at enrollment to 38% at 6 months (P < .001). The proportion in the control group increased from 12% to 17% (P = .01) ( Figure 2C and Table 2 ). At 6 months, the proportion of participants who were clear of AKs in the fluorouracil group was more than double the proportion in the control group (P < .001 in linear contrast). The generalized estimation model showed that the fluorouracil group overall had a significantly larger proportion of the participants without any AKs on the face and ears compared with the control group for the entire 42-month follow-up period (P < .001) ( Figure 2C ).
AK Treatment
The total number of each individual spot AK treatment for up to 42 months after randomization was 6491 in the fluorouracil group and 12 204 in the control group. Among these AK treatments, 5610 (86%) in the fluorouracil group and 10 589 (87%) in the control group occurred at the study visit every 6 months. The rest of the treatments were performed in between study visits. Ninety-eight percent of AK treatments during follow-up in this trial were cryotherapy. The fluorouracil group had 2.0 (95% CI, 1.9-2.2) spot AK treatments per visit per participant, and the control group had 3.9 (95% CI, 3.7-4.2) treatments per visit per participant (P < .001).
The fluorouracil group received fewer spot treatments for AKs on the face or ears compared with the control group in the first 6 months after randomization (P < .001 in linear contrast) ( Figure 3A and Table 3 ). The fluorouracil group also received fewer AK treatments compared with the control group for the entire study duration, when the total number of AK treatments at 6-month intervals in the 2 groups was compared in a generalized estimation model accounting for random effects (P < .001) ( Figure 3A and Table 3 ). The number of a P < .001 comparing the fluorouracil, 5%, and the control groups at 6 months and for the overall study duration.
b P = .05 comparing the fluorouracil, 5%, and the control groups at 6 months and P = .60 for the overall study duration. 
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Topical Fluorouracil Cream, 5%, for Treating Actinic Keratosis spot treatments for AKs at the time of the 6-monthly study visits was fewer in the fluorouracil group compared with the control group (P < .001) ( Figure 3B and Table 3 ). The fluorouracil group also had fewer spot AK treatments in between study visits compared with the control group (P = .008) ( Figure 3C and Table 3 ). A total of 382 participants in the fluorouracil group (82%), compared with 413 in the control group (89%), received at least 1 spot treatment for AKs on the face or ears after randomization. The fluorouracil group was less likely to receive any spot treatment for AKs compared with the control group (hazard ratio, 0.70; 95% CI, 0.60-0.80) (eFigure in the Supplement 2). Furthermore, the fluorouracil group experienced the first AK spot treatment after randomization later than the control group (median time to the first spot treatment, 6.2 months in fluorouracil group [95% CI, 6.0-6.3 months] and 6.0 months in control group [95% CI, 5.97-6.03 months]; P = .003 in median test).
The cumulative sum of the number of AK treatments on the face or ears at 6 months was 2.7 per person in the fluorouracil group and 6.8 per person in the control group (P < .001) (Figure 4) . By 42 months, the fluorouracil group had 19.8 treatments per person, while the control group had 34.8 treatments per person (Figure 4 ).
Discussion
The VAKCC trial provides data on long-term efficacy of twicedaily application of topical fluorouracil cream, 5%, compared with vehicle control cream in treating AKs on the face and ears in a patient population at high risk for KCs. The participants who were treated with a course of fluorouracil cream had fewer total AKs and received fewer spot treatments for AKs for longer than 2 years.
Literature searches that aimed to identify all randomized clinical trials comparing topical fluorouracil cream with placebo in the Cochrane Central Register of Controlled Trials (CENTRAL), PubMed/MEDLINE, and the US Food and Drug Administration (FDA) website found none comparing fluorouracil cream, 5%, with placebo. Two randomized clinical trials a The number of participants enrolled in the study at the end of the 6-month interval. b Actinic keratoses counted at study visit on the ending month of each 6-month period, but not on the beginning month, were included. P < .001 comparing the fluorouracil cream, 5%, and the control groups in the first 6 months and for the overall study duration. c P < .001 comparing the fluorouracil cream, 5%, and the control groups at 6 months and for the overall study duration. d Actinic keratoses counted at study visits were not included. P < .001 comparing the fluorouracil cream, 5%, and the control groups in the first 6 months and P = .008 for the overall study duration. 10 reported 22% reduction in AK counts in the control group, whereas fluorouracil given for 2 weeks resulted in 86% reduction in AK counts and for 4 weeks, 92% reduction. Similarly, in the study by Weiss et al, 11 the control group had 34% reduction in AK counts, whereas the fluorouracil group had 84% reduction of AK counts at 2 weeks and 89% at 4 weeks. A trial that randomized participants to either a 1-week course of fluorouracil cream, 0.5%, or 1-week course of vehicle cream compared AK counts in the 2 groups at 4 weeks after randomization (eTable in the Supplement 2). 12, 13 Cryotherapy was used in both groups at 4 weeks, and AKs were counted again at 6 months. 12 Participants in this study underwent 2 additional cycles of study cream and cryotherapy. 13 Even after cryotherapy was used to treat all the persistent AKs after topical treatment in both groups, the fluorouracil group had a significantly larger reduction of AKs compared with the vehicle cream group (21% mean difference in reduction rate) at 6 months after starting the first cycle. The fluorouracil group had the mean of 2 more lesions reduced from the baseline count compared with the control group at 6 months after starting the third cycle, but the difference was not statistically significant. 13, 16 Our study showed a 73% AK count reduction in the fluorouracil group and a 26% reduction in the vehicle control cream group at 6 months after randomization. A large part of the reduction in the control group was presumably due to spot treatments, which could be performed in both groups. Our results cannot be directly compared with the previous randomized trials because we used fluorouracil cream, 5%, not 0.5%, although a randomized trial of fluorouracil cream, 0.5%, vs fluorouracil cream, 5%, in treating AKs showed no difference in their efficacies. 17 To our knowledge, our study is the only randomized clinical trial to date that showed superior efficacy of fluorouracil cream, 5%, compared with vehicle control cream in AK treatment. Our results were notable for the larger decrease in total AKs and the larger increase in complete AK clearance rates in the fluorouracil group than in the control group at study visits, even when the fluorouracil group received fewer spot treatments.
The consistently fewer AK counts and fewer spot AK treatments in the fluorouracil group indicate that field treatment with fluorouracil prevents occurrence and/or recurrence of AKs in the treated area. The preventive role of fluorouracil is also indicated by the delayed time to the first AK treatment after randomization; over 80% of the participants in both groups eventually received at least 1 spot treatment for a lesion during the follow-up period, but it took longer for the fluorouracil group to receive the first spot treatment than it did for the control group. In addition, we found that a single course of the topical fluorouracil cream, 5%, treatment may be effective in reducing the number of hypertrophic AKs in the first 6 months, but we could not demonstrate its effectiveness for the overall study duration. It should be noted that there were only a few hypertrophic AKs in the study, and the power to detect the differences in the number of hypertrophic AKs between the 2 groups was low.
A limitation of our trial is that AKs were diagnosed clinically without histological information. A previous study reported that the dermatologists in the CSP 562 trial had disagreement in AK diagnoses. 18 They met annually to compare and review AK diagnoses among themselves, and the discrepancies decreased over time. 15 Spot AK treatment was left to the study dermatologists' clinical judgment with substantial potential variations. However, this study design may have an advantage of being more generalizable to the actual clinical practice, where AKs are treated according to clinical judgment rather than strict guidelines. Topical fluorouracil can cause severe cutaneous reactions and possibly reveal a participant's treatment assignment, but our blinding method (see "Study Design and Treatment" in the Methods section) ensured that dermatologist counting AKs could remain blinded to each participant's treatment assignment as much as possible because their first visit with the participant after randomization was at 6 months.
Conclusions
Our findings highlight the long-term efficacy of topical fluorouracil cream in treating and preventing AKs. A single course of topical fluorouracil cream, 5%, treatment led to a sustained reduction of the number of AKs and subsequent AK treatments in the population at high risk for KC. These findings indicate that treating a patient with a single course of fluorouracil would reduce the subsequent number of spot treatments and benefit care of patients with multiple AKs for longer than 2 years.
